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The eleotrodepositlon of antimony from chloride 
solutions seem to have attracted the attention of 
cheruists, probably because of the fine appearing deposit. 
For a long time the exact character o f the deposit was 
not known until Gore found that the antimony thrown 
doy/n from the chloride solution was explosive when heated 
to a low temperature or struck with some hard substance. 
The amount of heat generated by said explosion was 
measured under different conditions. 

In continuation of this line of work, deposits were 
obtained by the writer starting with a chloride solution 
of the follov/ing composition 



HCl enough to dissolve precipitate, 
and vaiying the amounts of acid in solution. 7/ith 
each change of acid concentration the effect of differ- 
ent current densities and temperatures were noted, with 
the conclusion th t the essential characteristic of the 
deposit, its explosive nature, remained practically tin- 
changed. In an analysis by G. Gore a deposit of antimony 



: Hate of 40gr. SbCl 




: to 25 cc HCl 



75 cc II 
2 
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from a chloride solution was shown to have the follov/ing 

oomposition* 

Antimony 93 •SB 93»51 

SbCl 5.98 6.03 

3 

HCl .48 .21 

In the work of the writer the exact composition 
was found to vary. This oonclusi9n was ^^rrived at 
because the temperature necessary to start the reduc- 
tion was not alv/ays the same. Saniples tried showed 
that deposits obtained when the solution was at a tem- 
perature of from 20 to 25 ^ Centigrade exploded easily 
and with a general explosion while samples from solu- 
tions at 50^ or 90^ Centigrade exploded only in the spot 
heated. The only reason for this seemed to be that de- 
posits from a warm or hot solution contained less of 
the impurities which made the antimony explosive. 

The appearance of the deposit from a cold or 20- 
25^ Centigrade solution was bright and lustrous of a 
silvery white color. As the temperature of the solution 
increased the deposit became more gray, losing its 
bright lustrous appearance until from a 90^ solution 
the polish had apparently disappeared leaving a smooth 
explosive deposit of a color almost as gray as the pure 
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crystal. 

The addition of gelatine in sina:' 1 quantities, 
from .5 to 1. gram per 150 oo solution did not mater- 
ially affect the exi)losive character of the deposit* 
With an increase of gelatine In the electrolyte the 
deposit gradually lost its grayish color until th an 
excess it assumed a "burnished black appearance. 

Tlie variation of current density between .07 to 
.2 amp. per sq. in. had little effect upon the deposit. 

The increase of acid in the solution raade the 
explosion take place at a lov;er initial temperature. 

The deposits obtained at room temperature from the 
pure chloride solution, as examined under the microscope, 
for current densities varying from .06 to .2 amp. per 
sq. in. , v/ere smooth and not crystalline or nodular. 
As the terperature of the electrolyte increased the de- 
posits passed through a stage of dull gray roughness 
to a deposit at 90^ which was rougher and v;hich had a 
tendency to crystalline structure. Although the appear- 
ance of the deposit v;as changed slightly by the addition 
of gelatine, as stated before, the structure of the de- 
posit was almost exactly the same as 7;ith the pure chlor- 
ide solution, that is, it became rougher when precipitated 
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hot solutions and the current dennity had little affect 
upon its appearance. 

The following tabulated data and curves give a 
"better idea of the exact affect of current density and 
temperature changes* 



Comparison gffect of Cur rent Density in Chloride Solution . 



Composition of 
Solution 


Amp . pe r 
sq. in. 


Volts 


Temp. Color Character 
Deposit of Deposit 


50 00 CI sol. 
75 00 HO 
HCl to dissolve 
pxeoipitate 


.068 


.9 


burnished ex- 
Silver plosive not 
23^ gray crystal or 
nodular. 


ri n 


• 137 


!•! 


23 " " 


TT TT 


.204 


1.3 


23 " " 
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5. 

Current Density Pressure Curves for Chloride Solution. 




rrent Density. Amp. ^^^gfx J^(brOgle 
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affeot of Tepipe rature on Deposit 



Composition Amp. per Color Character 

of sq. in* Volts Temp, of of 

Solution Deposit Deposit, 

50 00. CI. sol* smooth, burnish- 

75 HoO •IS? 1.1 23^ silver ed explosive^low 

HCl ^0 dis- gray initial explosion 

solve preoip. temperature. 

" " .137 .7 50^ steel rougher, unhurn- 

gray ished explosive 
medium explosion 
temperature. 



.137 .6 75^ steel rough, tends to 

gray crystalline, uji- 
burnished explo, 
high initial 
explo. temp. 



Tartaric acid T7as added in small amounts to a 
chloride solution of the above composition principally 
to see v;hat affect it would have upon the explosiveness 
of the deposit. The addition of tartaric acid in small 
quantities 1-5 co. concentrated solution reduced the 
reflective power of the deposit yet left the deposit 
smooth, gray and bright, as i f a crystalline deposit 
were polished mechanically. The effect of the acid did 

not become pronounced until almost one tenth of the 
solution v/as acid. The deposit with an excess of acid 
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8 



was darker, having lost the graj^ish appearance and 
assumed a "bluish gray^ T/ith the increase of temperature 
the brightness disappeared and the deposit became 
dull T^hite. The burnishing of such a deposit gave a 
steel v/hite color. The explosive character was de- 
creased with the addition of the acid until v/ith an 
excess, .1 acid, the explosion was not general and a high 
temperature was necessaiy to produce even a crackling 
sound. The explosion caased the deposit to curl up 
and drop from the electrode in smiall corrugated particles. 
This, however, v;as not true v;hen the deposit was taken 
from a hot or from a strong acid solution. In such 



oases the metal had a tendency to curl, but generally 
. remained flat on the plate on v/liich it was deposited 
until the plate v/as bent. This relieved the strain and 
as the particles fell off they curled to a slight 
extent* 

The following tables give the observed c.ffect of 
• temperature and acid concentration upon the deposit. 
The current density table is omitted because, as in the 
previous case, the moderate range .06 to .1 amp. per 
sq.. in. had little affect compared with the other in- • 
fluences* 
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A microscopio study of the deposits showed that 
acid in small quantities at room teiTiperature gave a 
smooth deposit, v/hile acid in excess produced a rough 
nodular precipitate. The effect of temperature was the 
same as with the pure chloride solution, and v/ith a 
temperature of only 50^ Centigrade a rough gray, even 
nodular effect was produced. These facts are given more 
in detail in the following tabulated data. 



Temperature Effect in Tartaric Chloride Solution ^ 



Time of 

Composition Ampere explosion Character 

of per Volts Temp .heating at of 

solution. sq.in. constant Deposit. 

temperature 



50 CO CI 
solution 
HO to neutral- 
ise acid .109 1.2 
5 CO. oono. 
tartaric acid. 



20 sec. 

general Flies from 
23^ exi^losion plate 



.109 .8 50^ 20 sec. Adheres 

little to plate, 

crackling 
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Aold CoiiQentration Effect Tartaric Acid* 



Composi ti on 
of 

Solution 



Amount 

of 
Acid 



Cur rent 
Density 



Volts. Temp. 



Time 
of 

Explosion* 



50 cc CI sol* 1 CO. con- 
H to neut- cent rated 



10 seconds 

general 
explosion. 



2 solution of 

ralize acid tartaric acid 



• 109 



• 5 



23^ 



rt 



11 



5 cc. sol- 
ution 



20 seconds 

general 
explosion. 



.109 



1*2 



23^ 



It will be easily seen from the discussion just 
given that the explosive nature and the appearcmce 
of the deposit are closely related. V/ith the increase 
of temperature, tartaric acid or gelatine in solution 
the burnished appearance v/as replaced by a gray, 
rougher, less explosive deposit* The beauty of the 
burnished deposit must be sacrificed if a precipitate is 
to be obtained v/hich is non- explosive. 

As it seemed impossible to obtain a good bright 
deposit from a chloride solution without its being ex- 
plosive, a fluoride bath was substituted, with fair suc- 
cess. 

A solution of the composition 
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75 gr. antimony fluoride 



100 CO. hydrofluoric acid 



470 CO. water. 



was user! and the effects of the variation of tempera- 
ture, current density, richness in antimony fluoride, 
and acid concentration were studied. 

All of the runs from the fluoride solution were 
of one hour duration. 

The current density v/as varied from .068 amp. per 
sq» in. to .39 amp. per sq.* in. , v;hen the solution v/as 
at a temperature of 20 to 23^ Centigrade. 

The size of the ciystals does not change v/ith the 
variation of current density if the ampere hours is kept 
constant, but the compactness of the deposit and the cur- 
rent density seem to vary proportionally. V/ith the 
density of .07 amp. per sq. in. crystals were formed 
on the surface of the cathode in a scattered manner such 
that hardly tv/o crystals were in contact. Instead of 
spreading over the surface of the cathode, crystals 
grew upon crystals forming nodules composed of crystals 
at all angles. As the current density increased 
the surface of the cathode was more evenly covered. TTith 
a current density of .39 amp. per sq. in. the nodules 
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were fairly oompaot thus losing the nodular appearance 
and giving a rough Jagged crystalline surface. The 
voltage had a tendency to drop in the course of an 
hour generally about .05 of a volt. 

The deposit in all cases was silver gray and the 
crystals were very refractory. 

The effects of changes of current density and 
temperature are given below in tabulated form, also 
the same results plotted. 

Pure Fluoride Solution. 



Solution Temp. Current Volts Volts Deposits under 

Density before after Microscope. 

75 gr.Sb?3 ^•'■Nodular, crystalline, 

100 cc HF 22 .068 .45 .4 scattered sparingly 
470 cc HoO over surface. 



22 .133 .6 #2 Larger crystals, 

more compact them 
#1, jagged crystal- 
line surface. 

22 .215 .75 .7 ^"^Larger crystals 

more compact thsin 
#2 1 flat crystals 
piled in hit or miss- 
style . 

22 .386 1.25 1.1 i:ore compact than 

#3, crystals also 
larger 
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Variation of Current Density and Voltage 



-in Fluoride Solution. 13, 
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The Influence of Tepiperature on Pure Fluoride 

Solutidii. 



Solution 


Temp* 


Current Volt 3 
D before 

• 


Volts 
after 


Deposits under 
Llioro scope* 


75 gr. SbF'T 

XvJU CO Ajf* 
470 ccHoO. 


o o 




I* 1 


ifl^Compaot nodules 
of crystals , crystals 
large . 




50 


.4 1.01 


1. 


#2. Smaller ciystals 
and more compact 
than #1, occasion- 
ally some large 
crystals in with 
small* 




75 


.34 .9 


.8 


#3. Very similar 
to #2. 



7/ith the addition of about .5 of a gram of 
gelatine, the deposits assumed a darker grayish color* 
The crystalline flakes were not large and instead of 
collecting in nodules the gelatine caused the deposit 
to precipitate in ridges running from the top to the 
bottom of the cathode, leaving plain copper betv/een the 
ridges. The crystals were smaller than from the pure 
fluoride solution. Vath the additl on of gelatine the 
plain copper surface between the ridges began to fill in 
with small crystals until with one gram of gelatine 
t.^.e whole surface was covered. The ridges existed yet 
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they were made up of very imperfect crystals. T7ith 
a still further addition of gelatine the deposit "be- 
came darker and darker, the valleys g^s-dually filled 
until with 2.5 grams of gelatine the surface was only 
slightly rolling or wavy. After two grams were added 
the deposits obtained at room temperature would curl up 
and peel off if allowed to accumulate for more than a 
few minutes. The increase of temperature lessened the 
effect of the gelatine, changed a deposit from a daik, 
rutty round cornered deposit to a gray, nodular angular 
precipitate v^hich tended toward crj^'stallizati on . T'ith 
the current density constant, a rise of temperature 
resulted in an evolution of gas in snail quantities, 
v;hich caused pits to form in the antimony. 

The results showing the effect of gelatine are 
given below in detail. 
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The Influence of Gelatine in Solution. 



Solution gr- of Temp. Cur. Volts Volts Deposit under 
gelatine Den. before after Lliorosoope* 

75 gr.SbF 22 .205 .75 .7 #1. Crystalline 

nodular deposit 
nodules not com- 
paot after show- 
ing copper plate 
between nodules. 

^ " .5 22 .205 .75 — #2. Crystalline 

flakes not large 
in ridges piled 
up. Cu Siiows be- 
tv/een ridges. 



T7ith a current density of .34 ampere per sq. in., 
gelatine v;as varied from 3.5 grains up to 20 grams 
TTitti some very interesting results. v;ith the increase 
of gelatine up to 10 grams the voltage raised proportion- 
ally but v/hen the gelatine r/ias increased beyond this 
point the voltage dropped ujitil with 20 grams it was 
almost the same as when 4 grams v/ere in the solution. ^ 
The character of the deposit varied in a peculiar way. 
As already stated, the addition of gelatine tended to 
reduce the roughness of the deposit. This tendency 
was very marked until five grams of gelatine are added. 
Above this point the tendenc3y was less marked and even 
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when 20 grains are in the solution the nodules still 
exist although much snialler* 

As noted before, gelatine in small quantities 
produced a darker and highly burnished deposit, ^ith 
the fluoride solution this was true up to a point v/here 
7 grams of gelatine were in the solution, at which point 
the cathode became slightly streaked with a gray deposit. 
As the gelatine increased beyond this point the gray 
became more pronounced, the deposit a trifle rougher, 
until with 20 grams in the solution and with a current 
density of .34 amp. per sq. in. the deposit was all 
gray, highly burnished v/ith a few small nodules on the 
surface, not visible v/ith the naked eye. 

The increase of temperature in a solution containing 
gelatine seemed to have very little noticeable affect 
upon the structure of the deposit, but the appearance 
changed from a bright lustrous one, with 2.5 gr. 
gealtine at 22° Centigrade, to a dull lustrous deposit 
at 50^. The deposit remained practically unchanged 
with the change of current density v;hen the ampere 
hours remained constant. This held for m^oderate ranges 
of current density^ .075 - .27 ampere per one square 
inch. 
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TVith an increase in the aihpere hours the ciystals 
"became larger, nodules more prominent and the general 
character of the deposit rougher. 

The changes produced in the electrolyte by the 
addition of gelatine at different temperatures and 
different current densities, are tabulated below; also 
curves showing the same . 

The Influence of Gelatine in Fluoride Solutions 
at Plf f er ent Temp eratux es . 



Solution Teir.p.Gram Volts Volts Gur* Deposit under 
Gel. before after Den. Microscope. 



75 gr SbF 50^ .5 .75 .7 .205 #1. Crystals in sharp 
100 cc HF^ ridges, valleys started 

470 CO. HpO to fill in with small 

crystal. 

50^ 1. .7 .7 .205 #2# Crystals seem to be 

imperfect, edges round- 
ing, plate covered yet 
in ridges. 

50^ 1.5 .7 .7 ^205 #3* Deposits darker the 

more the gelatine, a 
little uneven, occasion- 
ally a crystal. 

50^ 3.5 1. .34 #4. Veiy rough, dull 

gray, very highly 
polished nodules. 
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75 gr SbFg 50^ 4.8 1*2 --•34 #5. Dark smooth sur- 
eto. face» slightly nodular. 

^ " 50^ 6. 1.2 ~ .34 #6. Daik, highly pol- 
isher', seldom any 
nodules. 

" 50^ 7.5 1.25 — .34 #7. Slightly nodular 

f round cones) highly 
polished, broken by 
streaks of gray appar- 
ently crystalline 
deposits. 

" " 50^10. 1.4 — .34 #8. General rougliness , 

dark more nodular than 
#7. 

" " 50^13. 1.3 -- .34 #9. Llore.gray than 

#7 with still strealcs 
of dark, smooth deposit. 

" ^ 50^20. 1.1 -- .34 #10. Kore gray, no dark 

streaks , few small 
nodules. 
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Influenoe of Change of Ter.pe rat tire on Gelatine Solution s^ 



Solution Temp* Gel. Cur* Den* Volts Deposit under iiicro- 

SQOpe* 

75 gr. SbP 22^ 2*5 .205 1 Lustrous, trifle un- 

^ even, not nodular* # 

" " 35^ 2.5 .205 1 Lustrous, not nodular. # 

" " 50^ 2.5 .205 1.4 Dull luster, not 

nodular. # 

# Appear to "be veiy finely crystalline. 



Jnfluenoe of Di f f e rent Current Densities in Gelatine Sol - 
ution. 



Solution Temp. Gel. Cur. Den. Volts Deposit under 
Hioro scope . 

75 gr. SbFg 50^ .075 .8 2.5 "^^Finely crystalline, 

fairly smooth, oc- 
casionally small 
nodules on surface. 

" " 50^ .205 1.4 2.5 Finely crystalline, 

smooth, veiy few 
nodules. 

" " 50^ .272 1.8 2.5 Less smooth, ci^'-stals 

larger than #1 , 
nodules r.ore prom- 
inent • 
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Current Density* Teinp.50^*2.5 gr^Gel* 
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Another solution was tried having a oomposition 
the same as that usec^ before except that in place of 
100 CG IIF, only 50 cc v/ere used. The general discussion 
of the last case would apply here also^ A detailed 
comparison may be obtained better from a study of the 
curves. Using a low current density it was found 
that the deposit covered the surface more completely 
than in the solution used previously, and the crystals 
were smaller. 

TVith the above electrolyte the effect of tonper- 

ature was very great. 7/ith a current density of .078 

amp. per sq* in., the deposit at 22^ although smooth to 

the touch was crystalline, nodular in ridges and not 

covering the entire plate, while v/itlr the same current 

density at 50^the deposit v/as more compact, nodular 

structure being almost entirely gone, leaving a 

general crystalline deposit. V/ith a current density 

of .137 the effect v/as a little different. Tlie deposit 
o 

at 22 was quite compact, nodular, smooth to the touch, 
and copper was plainly visible between the nodules. At 
75^ the deposit became still darker, compact and evenly 
crystalline with pits being formed. 

The comparison given above brings up the question 
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of what effect the current density has on the deposit. 
At the temperature of 22^ all of the deposits were crys- 
talline, smooth to the touch, and did not cover the en- 
tire plate. The higher the current density, the more 
compact v/as the deposit and the less the Cu was visible 
between the nodules of Sb* 

TJith a low current density as .078 ampere, the 
deposit seemed to form in ridges* wMch characteristic 

was not noticeable with higher current densities. At 

o / 
50 a low current density gave a dull gray .compact , 

very even crystalline deposit. This character of 

deposit was maintained for different current densities 

until a current density of .335 was used, which gave 

a gray deposit. The increase in air.pere hours did not 

change the general character of the deposit, but there 

was a tendenqy for large crj^-stals to grov; out of the 

surface* 

In comparing the affect of change in acid con- 
centration, IIF acid was added to a solution of 75 gr. 
SbFg plus 470 cc. HgO in quantities of 25, 50 and 100 
00. TVith 100 cc. of acid in the solution, large crystals 
were formed at a current density of .34 ampere per 

square inch. The surface was not entirely covered and 
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felt rough to the touch. Tith the decrease of acid. 



the crystals "became smaller and v;ith this the 
increased smoothness and compactness of the deposit. 

Hien gelatine v/as in the solution, the effect of 
the acid seeiTied to give the deposit a more "burnished 
color as in the case of the chloride solution. At a 
temperature of 50^ Centigrade » the solution containing 
100 cc* HF and 6 gr* gelatine gave a dark, highly pol- 
ished surface iTith scarcely a nodule. VTith the decrease 
to 50 cc. of acid, the deposit was slightly nodular, 
smooth and "burnished, and with 25 cc. of acid the deposit 
showed many very small nodules and pits formed on the 
surface, causing the deposit to lose some of its bur- 
nished effect • 

^ith the change of amount of SbF in solution, the • 

3 

deposit changed but sli^tly, the crj^-stals became larger 
as the amount of antimony fluoride was reduced. 

In tr^-ing alloys of lead and antimony from a 
fluoride solution, the solution of antimony fluoride 
was kept saturated with lead fluoride by constantly having 
a solution containing lead oxide stirred, "^ith a low 
current density of .06 ampere per square inch, an alloy 
was obtained containing 80 per cent Sb. Tliis deposit 
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v/as bright, smooth v/ith small cones- As the current 
density was increased, the percentage of antimony 
fell orr until from a solution at 50^ Centigrade and a 
current density of .34 ampere per square inch, the 
percentage dropped to 38.55. 

The deposits, in all these cases, were brittle, 
showing that although a good alloy could be obtained of 
lead and antimony, it v/as almost impossible to get an 
alloy that would stand bending and still contain enough 
antimony to make it bright and lustrous. Gelatine in 
the double fluoride solution did not help to any great 
extent. wThen the current density had reached .1 anipere 
per square inch, the surface began to lose its bright 
lustrous appearance, became gray and. nodular. At .27 airipere 
the deposit had a tendenqy to tree at the edges of the 
electrode similar to lead, and had much the same ap- 
pearance yet considerably grayer. Tith a current density 
of .34 ampere the nodules were very prominent and large ^ 
and the surface was very rough to the touch. 

The tables below give the experimental data ob- 
tained for the above solution, sliowing the effect of 

change of acid concentration, the effect of SbFr. con- 

o 

cent rati on, and the alloying from a fluoride solution of 
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Pb and Sb, effect of temperature on working conditions, 
and the affect of current density. For each set of 
data there is a plotted curve s.ucceeding the same. 
Influence of the Change of Acid* 



Solution Acid. Temp. Amp. Volts. Character of Deposit 



75 gr.SbF'T 100 gr. 50^ .34 1 Large crystals, sur- 
470 co.HgO face not entirely 

covered, very rough 
to touch, a few very 
large crystals. 

" 50 50 .34 1.56 Crystals smaller, fair- 
ly smooth to touch 
some fairly large cry- 
stals groring out of 
surface . 

" " 25 50 .34 2.3 General crystalline, 

smooth, compact, 
smaller crystals. 

75 gr. SbFj 100 50 .34 1.2 Dark, high polish, 
470 CO. HoO seldom that a nodule 

6 gr. gelt appears. 

^ " 25 50 .34 1.9 Smooth, 'burnished, dark 

deposit, slightly 
nodular. 



10 50 .34 2.5 Smooth, (fairly) bur- 
nished, dark, very 
small nodules, craters. 
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Influence of S'bFpi Conoentration , 



Solution 2^^3 Cur .Den. Volts Temp. Deposit under ?:ioro- 
C scope. 

25 oo. HF 75 gr. .34 1.2 50^ #1. aeneral crystal- 
470 CO. H^O line, compact, few f") 

nodules. 

" " 50 .34 1.6 50 #2. Larger cij^stals 

than tl, slightly, f") 

^ 25 .34 2^3 50 #3 Slightly larger 

crystals. (") 

(^)Cliange of cone has little effect on deposit. 



Influence of Gelatine. 



Solution Gel. Cur. Den. Volts. Temp. Deposit under r:i- 
C^ croscope. 

75 gr SbFg .34 1.2 50° General crj^stalline 

25 6c. HF compact, fev/ 

470 00. HgO nodules. 

" " 6 gr. .34 1.9 50 Fairly smooth, 

"bumishec! dark 
deposit, slightly 
nodular. 



1 
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Compart son of Current Density -Voltage Curves 
from Solutions of 50 oc. HF and 100 oc HP. 33. 
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Alloylnp: Fb and Sb from Fluoride Solutions at Different 

Current Densities. 



Solutions Gel. Temp. Our. Volts Huns ^ of Deposits under 

C Den. Hrs. Sb. !:icroscope. 

75 gr.SbF^ 6 gr. 50^ .0615 ~ 1 70 
10 co.HF 3 
470 00. HgO 

" " 6 " 50 .085 .9 2 Tendency to round 

crystalline 
cones. 

" " 6 " 50 .132 1.2 1 63*7 Smooth da3*sur- 

face, bright 
a fev; grayish 
spots, a few 
found nodules 

" " 6 " 50 .207 1.6 1 

" " 6 50 .273 2. 2 40.4 Grayish, tendency 

to grow out on 
edges, surface 
covered v;ith a 
jumble of large 
and smaJ-l cones . 

" 6 " 50 .307 2.3 1 Very nodular, 

occasionally 
one nodule 
sho^vs tendency 
to crjj^stalline 
structure, nod- 
ules piled up. 

" " 6 " 50 .34 2.5 1 38.55 
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Curves Showing Relation Between 35. 
Current Density and Per Cent of intimony in Alloys. . 
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Influence of Change of Tenperature , 



Solution Temp. Cur% Volts Deposits under 
Den* Microscope > 

75 gr.SbFg 22 .137 .02 Crystalline, smooth to 
50 CO. EF touch, deposit built of 

470 cc.HpO nodules of crystals, de- 

posit qi^ite compact fCu 
vi s i ble oc casi onal ly ) 

" 50 .137 .68 Trifle darker deposit, 

close compact deposit, very 
even crystalline struc- 
ture . 

" " 75 .137 .7 Deposit still darker, close 
• compact, even crystalline 

structure. Craters form- 
ing in deposit . 

" " 22 .0785 .69 Crystalline (small) srr.ooth 

to touch, nodular in 
ridges not covering 
entire plate. 

" " 50 .07G5 .5 !:ore compact nodular struc- 
ture, aln.ost entirely gone, 
leaving a general crystal- 
line deposit. 

" " 22 .205 1.1 A trifle rough to touch. 

Kodular, oiiite compact, Cu 
scarcely seen v/ith eye. 

" " 50 .205 .95 Background of fine crj'-stals 

with larger crystals growing 
out of it . 
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Cm^rent Density Effect . 



Solution Temp. Cur^ Volts. Deposits under Eiorosoope 

Den. 



75 Kr.SbFr': 
50 CO. HP. 
470 CO HgO 


22 


.0785 


.69 

• 


Gray deposit. Small crystal- 
line, smooth to touch, nodu- 
lar in ridges not covering 
entire plate. 


n n 


22 


.137 


.82 


Gray deposit. Crystal more 
compact, nodular of small 
ciystals. # 


TT ft 


22 


.205 


1.1 


Gray deposit. Trifle rough 
to touch nodular ouite 
compact Cu scarcely seen 
with eye. 


rr n 


22 


.335 


1.65 


Gray deposit. I.:ore compact 
but still of the same char- 
acter as #. 


TT TT 


50 


.0785 


.5 


Darker gray deposit, more 
compact, nodular structure 
almost entirely replaced 
by a general crystalline 
deposit . 


n rr 


50 


.137 


• 68 


baik gray very even crystal- 
line structure, compact. 


TT rr 


50 


.205 


.95 


Dark gray background of 
fine crystals increase in 
ampere hours seems to tend 
to develop a few large 
ci^T-stals on the surface. 


TT TT 


50 


.335 




I.:ore large crj'-stals growing 
out of mass. Deposit be- 
coming QTBi^ again. ' 
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Having exhausted the experimentation with the 
fluoride solution a solution of antimony silico 
fluoride, similar to the solution used by Betts in 
depositing lead, v;as tried. A solution of the compo- 



was v/orked v/ith, varj^ing the air.ount of antimony in the 
solution from .00218 grams to .109 grains. Tlie antimony 
was added in oo. of a solution made up and tested to. 
oontain .00218 grain per oc. Tlie effect of current 
density, and gelatine in solution was much more pronounced 
than with the fluoride bath. As to the current density, 
even .05 ampere per sq. in. would give a blade deposit 
v;hen only .01 of a gram of antimony v/as in solution. 
Seldom could a densitj?- of more than .2 be user? in any 
solution without poor results. The voltage in general 
was much lower for the silico fluoride solution. T7ith 
gelatine in the solution, even as much as 1. gram, the 
deposit was not as strong and the best deposit seemec! 
to be from a solution containing about .5 of a gram per 
175 cc solution. 

The current density v/as kept constant as the 
antimony solution v;as added. At first the deposit v/as 
spongy, black, made up of fine ciystals. "'hile the plate 



sition 



150 CO. HgO 
10 CC. HoSiF;; 
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vras in the solution the deposit shov/ed a tendency to 

tree. Tith the cddltion of the solution the deposit 

beoanie grayer until when ahout 20 cc had "been added 

the deposit v/as solid, though in ridges^ of finely 

crystalline deposit. The increase beyond this point made 

the crystals appear smaller. The forroTi^'ed appearance 

still remained. 

The effect of change of current density v/as the 

most interesting when gelatine was in the solution. 

Different amounts of gelatine v/ere used, but the best 

results were obtained when .44 grams of gelatine v/ere 

addecl to the solution of 50 cc. Sb solution, 

20 CO. HoSiF^ 
6 

150 cc. HgO. 

A current density was started with .082 ampere per 

so* in. at a temperature of 50^-60 . A little gas 

v/as given off at the cathode, ^'ith a current density 

below that given, no gas was noticeable and the deposit 

v/as brittle. At this point when* the gas comes off, the 

deposit v;as silveiy white, as bright as a ci^^'stalline 

deposit, yet not crystalline. The electrode would stand 

bending back and forth up to at least 45^. Beyond this 

point* v/he re the gas v/as given off more freely the de- 

fVid p*48) 
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Influence of Change In Current Density In f^filr.tlne 
Solutions of SbF and Si Fluoride 
Solutions. 



Gram Cur. 
Solution, of 

Gel. . Den. 



Volts Temp. Gas Charaoter of Deposits 



Smooth gray deposit, 
very bright like a crys- 
•082 .8 50^ little talline deposit 

gas yet not crystalline, 
will stand bending, 
scratches like lead. 



50 cc Sb. 
solution .44 
SOoc.IInSiFg 

150co.HgO 



rt 



n 



•44 .095 1.2 50 



.44 .123 1.83 50 



.64 .082 1.2 



" .64 
.84 



.84 



gas Smooth. The escap- 
given ing gas divides the 
off surface, scratches 
into powder. 

more Smooth. The escap- 
gas ing gas divides the 

surface scratches 

into powder. 



50 very Has lost appearance 
little of rounded crystals 
gas although still 

rough, has become 



.064 50 much 

gas 

.034 .53 50 



.082 1.0 50 



darker, f 

Smoother than #, 
still dark. 

Smo oth , t endency 
to nodular 

Gray, very finely 
crystalline. 
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Effect of the Cliange o£ Current T)ensity in aelatine 
Solutions of Antimony Silico Fluoride. 44. 




Current Density. 
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Change in Current Density ^ 
Antimony sTIico Fluoride Solution : 



Solution oc. Cur. 

Sb. Temp. Character of Deposits, 

sol. Den. 



150OO.H 

lOoc. H^iF 8 .0545 60 Very dark, almost black depos- 
^ it, soft, comes off like fine 

powder made up of separate 
crystals. 

" " 8 .068 60 Surface cut up still, dark 

soft deposit, crystalline. 



Deteimination of Character of Deposit f^ro Different Solu - 
tion Concentrations . Antimony Silico Fluoride Solution . 



ST). Sol. 
Solution added 


Cur. 


TeiTip • 


Character of Deposits. 


150 CO HgO 2 CO. 
10 oc.HgSiFg 


.143 


60^ 




If " 4 " 


.143 


60 


Dark, smooth, spongy 
deposit, fine crystals. 


n " 6 " 


.143 


60 


More coarsely crystalline 
yet still dark, smooth and 
spongy. 
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Character of Deposit from Different Solution Concent ra- 
TlonsTAntlmony Sillco Fluoride Solution ^ 



Solution. Sb. Cur* Temp. Ran. Volt - 
sol. Den. Hrs.age# 



Claaracter of 
Deposit . 



loOco.H 


16 


.0478 


60 


1/2 


lOcc.H SiF 

2 € 










IT If 


20 


.0478 


60 


1/2 


Tf Ft 


26 


.0478 


60 


1/2 


n n 


30 


.0478 


60 


1/2 


TT Tf 


34 


.0478 


60 


1/2 


TT n 


50 


.0478 


60 


1/2 



Tendency to dark gray, 
finely crystalline, 
compact few nodules 
(small) 

Gray, finely crystal- 
line deposit, sur- 
face broken up Into 
valleys running up and 
down. 

.37 The crystals get smal- 
ler as the Sh solu- 
tion Is added. Smooth 
deposit still vallqys 
In the deposit. Runs 
of one hour eliminate 
this to a great ex- 
tent . 



# Very little change In voltage* 
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Influence of Gelatine in Solution. 



Solution Temp* Cur* Volts Gram Character of 

Den. Gel. Deposit. 



SOcc.Sb Sol. 
20cc.HoSiF^ 50-60 
ISOcc.HgO ^ 



.082 .917 .2 



50-60 .082 .8 



50-60 .082 1.2 



50-60 .082 1. 



.44 



,64 



.84 



General unevenness 
like the surface of 
fine sand or small 
nodules packed to- 
gether^ smooth tendency 
to gray. 

Gray smooth, bright 
like a crystalline de- 
posit yet not crystal- 
line, appearance as 
if crystals were 
rounded, will stand 
bending unless at 
rt. angle. 

Has lost appearance 
of rounded crystals, 
although still rough, 
has become darker. Be- 
comes tarnished when 
plated on Cu. easily. 

Smooth, tendency to 
nodular, dark deposit. 
Becomes tarnished when 
plated on Cu. easily. # 



Irregularity in voltage readings due to the fact 
that with an increase of gelatine the voltage runs up 
gradually after the switch has been closed. In the one 
marked # in five minutes the pressure rose to 4 volts, 
the current dropping proportionally. 
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posit, althoue:h smooth and fairly bright, had a tendency 
to beoorne darker. This surface when scratched acted 
like graphite, giving a dust, while in the silvery 
deposit mentioned above it scratched more like lead. 

In making the above more clear, the results were 
tabulated and plotted below. The tabulations include 
the influence of gelatine on silico fluoride solutions, 
the influence of change of current density, arA the 
influence of amount of Sb in solution. 

Corrosion tests were tried on antimony from a 
silico fluoride solution containing an excess (£ gelatine 
and antimony from a pure silico fluoride bath. The 
gelatine deposit was very brittle, easily borken with 
the fingers, v/hile the other deposit was crystalline 
and hard. The deposits were shaped on an emery wheel. 
In a salt solution a test was run for 145 hours. The 
corrosion for both v/as obout the same, one .0002325, and 
the other .0001635 gram per square inch per hour. 
In a 1.2 HgSO^ solution run for 268 hours, the corrosion 
was less marked than in the salt solution, the corrosion 
here being only .0000123 gram and .0000178 gram. 

The corrosion test in 1.2 K^SO^ with current was 
tried. It was found that antimony acted very much like 
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Al. in this case^ A run of 17.5 hours at a current den- 
sity of .00152 amp. per sq^cm. v/as made, in which case 
the deposit from the plain silico fluoride solution 



The total loss anode and cathode v/ere for the gel^^.tine 
solution .0449 and for the plain solution .1811 gram 
roaJcing a respective loss per hour per square cm. of 
.000383 gram and .000868 gram respectively. 



In further comparison of Sb. and Al. a curve betv/een 
voltages and currents was plotted for 1.2 H^SO^ solution 
when it was found that the film did not break down until 
40 volts were impressed, at which point the current 
ran up rapidly from .0091 amp. per sq* in. to .0637 to 
.0728 amp. per sq* in. As a flirther comparison solutions 
of phosphoric acid, sodium nitrate, Rochelle salts, 
sodium phosphate were used in place of the 1.2 specific 
gravity HgSO^, in which solutions there was always 
a drop in the current, except in the sodium nitrate 
solution. A six volt pressure was user? for these 
tests. In the phosphoric acid solution the re •was a drop 
of .6 ampere in 2 minutes j in the Hochelle salt solu- 
tion ^2 ampere in one-half minute; in the sodium phosphate 
.7 ampere in oner- half minute. 



lost more than the antJ.mony from the other solution. 
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The data in detail is given "below of the action 
of antimony in different solutions, -also of the relative 
oorrodihility of antimony from solutions containing 
gelatine and pure solutions. 

Action of Sh in Different Soluti ons . 

Cur. Cur* Time 
Solution Ter.p. Den. Den. in Volts. 

_______________ before after r!in* 



10 gr. phos- 
phoric acid 25 

in. 50 00 H 
• 2 



20 gr. Sodium 
nitrate in 25^ 
100 cc H„0 



10 gr. Roche lie 
salt in 50 25 
cc. H^O 



10 gr. Sodium 
phosphate in q 
50 00. HgO 25 



.0327 .00467 2 



.0532 .0532 



.0373 .028 1/2 



9 Remained con- 
stant for 
next 2 min. 



.042 .00935 1/2 6 
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Corrosion Tests. 



height Ueight Square Hours Corrosion 

plates plates Cm. of Gram Gram Sol- 

before after Loss -^rea Hun utlon, 

hour in. per 
hour> 

1. 12^5949 12.5651 .0289 31.737 145.75 .000204 .0001635 Cono. 

ITaCl. 

2. 2.3529 2.336 .0169 12.675 145.75 .0001159.0002325 " 

1. 33.9385 33.847 .0915 70.31 268.66 .0000123 1.2 

2. 13.9125 13.8177 .0948 50.576 268.66 .0000178 " 

1. = deposit ed» using a current density of one ampere 

per square decimeteri no gelatine » room temperature. 

2. = deposited, using current density of one ampere per 

95 square centimeters, excess of gelatine, 50^C. 





31ac. 

trode 


!7t. 
plates 
"before 


Wt. 

plates 
after 


Loss 
in 
Wt. 


Current Loss in grams 
Density per hour per 
per square cen- 
Sq. In* timeter. 



1. Cathode 13.5755 13.5486 .0269 .001524 .00001488 

1. Anode 6.0706 5.9164 .1542 .001524 .000853 

2. Cathode 2.855 2.8495 .0055 .001518 .000047 
2. Anode 2.591 2.5516 .0394 .001518 .000336 

Solution 1.2 H2SO4. Length of run, 17.5 hours. 
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Data for Antimony in 1.2 H2SO4. 



Volts Amperes 



22.5 


. 0059 


25 


.00664 


29 


. 00664 


31.3 


.00864 


34 


.0091 


37 


,00955 


39 


.00955 


41.5 


.0122 


43 


.0177 


44.5 


.0182 


46.2 


.0259 


47.5 


.0364 


47.6 


.0455 


47.2 


.0627 


47.5 


.0727 


37 


.159 
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• In conclusion it may "be said, after a thorouf^h 
investigation of references on the subject, that 
information obtained from such sources was very meager. 
Besides the ahove mentioned references, Gore says that 
a good deposit may be obtained from potassium tartarate 
of antimony. 

Pauntaine recommends a solution of the composition 
Sulphate of antimony. . . . .500 grams 

Potassium carl)onate 1000 " 

T.ater • 8 liters. 

In referring to this last reference it may be 
added that owing to the action of antimony in sulphuric 
acid it T7as impossible to obtain a deposit of any thick- 
ness ^ for as soon as the current is started, a thin 
antimony coating appears on the cathode, thus causing the 
current density to drop off. 

This attitude of antimony in HgSO^ is hardly 
applicable for use as a rectifier because the film does 
not forrri instantly. In taking the data given above 
fully one-half minute was allowed for the current to 
become stationary. 

Reference is made by Gore that antimoni?- may be 
precipitated upon copper and other like electropositive 
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metals "by imersion. Tliis is verj'- true, but the deposit 
thus obtaineri is thin and in most oases tarnishes very 
easily 

Hone of the solutions used above are of practical 
importance, generally ov/inc to the brittleness of the 
deposit obtained from them. The specific resistance of 
the fluoride solutions v/as generally higher than that 
of the silico fluoride* This is generally so marked 
that such solutions could hardly be used on a commercial 
scale. 

In the case cited, page 43, v/here a good deposit 



was obtainecJ, being smooth, bright and gray , /withstood 
bending and scratched much like lead . The objection 
of using this in practice is that the regulation of 
current density is necessarily very limited, as shown 
by a comparison of the data given above; also, that 
it would be impossible to obtain uniform deposits on 
uneven surfaces* 
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